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7,e Oommitte on Bln Factors ws emtablished in 1980 in the Cmmissicn on

dvAovioral and Social Sciences and Eatici by the Naticial 1aeearch

oncil at the requst of a caniortium of five major governmnt agencies.

7 purposes of the cmmittee are to provide guidance and reccmmndatiens

for the support of basic research relevant to the discipline of human

f-ctrs by thee government azrgization, to serve as a mechanism for

ie cliary ccmmication, to mzrap the participation of

scientists in conductin basic investigtions relevant to major theoretical

and metological isaue, and to rempud to the neds of sponsors for

advice oi specific issues relating to their remearch program.

During 1986, over 80 scientists, reprnei*n a wide variety of

disciplines, have oontriuted their expertise on a voluntary basis to the

various activities of ocmittee's C's Program. 7tn committee cniued

the wrkding gr~mM metings suyinglz humn mafoiiz mods'lin, held

workd on mntal models, distributed decision makir, and xert

systein, and ocmvwud a steerinq group to plan a study cn aging. The

ittee continued to oversee work on the reports of studies on human

performane modeling, integrated ergomic models, multicolored displays,

and mental moe. Preliminary drafts of these reports are currently being

revised based an the ceme.nts of peer ruviwrs. hese riports are

scheduled for publication in 1987.
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Ou Cittse on Heuan Factors in the _O- iin on Behavioral and Social

Scince and d cation wa tablished as a standing czmittee by the

Naticrl Pleuear m.uxil in 1980. During the oarr* reporting period,

the =mmittss has b1 spnsored by five goverrzent agencies: the

Cognitive and Neural Sciences Division of the Office of Naval Research, the

Directcate for Life Sciences in the Air Force Office of Scientific

Research, the Directorate for Basic P search in the Army Research

Institute, the Axtmticn aid Human Factors Division in the Naticnal

t and Space Administration, and the Directorate. for the

Behavioral and Neural Sciences and for Inforation, Rotics, and

Intelligerce Systems in the National Science Furdaticn.

OBTECIVES

7u uardate of the Camittee on Human Factors is to:

* advise its sponsor regarding the most inportant basic research

needs in hurin factors engineering and provide guidance on methods

for investigting suc problem;

* explore in dpth the state of krnwlecge in selected areas judged

to be of particular iuportancie as a basis for the development of

of detailed rearch agendas;

S,7



* ~poide a incdaniu for euzreqi' contact and commicatim

on - both basi aid applied researchers in the field in the

United States and abroad;

* ~iin ctr utan youg and senior scientists outside the field

of bumn factors in oarmxctirq basic research relevant to major

theoraticaland -1ogice issm ;

be rowqnxwive to spnuncrs' requests for advice on specific

probles or ism relating to their human factors research

tIIA meera of the coemittee are selected on the basis of their expertise I,

as demnstrated by their omtributiow to the ava In t of science in

their areas of specialization. The scientists ui*o are cmmittee umbers

onstitute a broWd balanced representaticn of the human factors and related

disciplines. Each of these experts serves on the cocittee or its

sg p without -- irbesmnt other than for travel expenses related to

cMMitte activities. (The cCumittee members are identified in Appendix A.)

Nor than 80 subject matter experts served cn the various C Program

working grOUPO, wor)kSas, and seminars during 1986-1987 withour

aic. (See Aperdix B.)
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A=TE DXJRD 'DM PAPM YEAR

In 1986, the ommittee on Hman Factors held three metings: Jaary

23-24, May 1-2, and Sqmkmr 18-19. The cmmittee reviewed the reports

in process and provided management guidance and oversight in 1986 for the

activities of one working group, one panel, three workshops, and two

seminars. Me bers reviewd the reports in preparation and proposed

raw studies for onsideration starir in 1987.

In addition to the comittee meetinqs, the followin techmical sessions '

were covened in 1986: working group on human performance modeling,

workshop on tr decision making, sminar on expert systems,

planning metings for the panel for the studies on aging and project

prcdutivity, and repor writing sessics for integrated ergarnmic

modeling and multicolored displays. (The purposes and status of these

stiudies are described below.) In addition, two meting were held with the

spin=ors to provide status reports and discuss plans for future studies.

3



gSIUDS IN PROGRES

&=an Pwnraas Modls:

Modls can serve a mdner of puposes in h an factors enineerin. They

can reduc deivelnt tim by providing w ic dhich limit the

design domain that must be explored eapirically; they may be used as

design tools by system develcprs; they can provide a nrmative base

agaiJnt which to evaluate particular humn ; rfrman,; and they Can

pro ote imnication between the design ergineer and the behavioral

specialist. Micro models have been to represent elements of

human performarxm. Howmver, the need exists for larger scale models that

are readily adaptable at the system level.

Progress over the past fifteen years has provided the ability to represent

analytically, either in mathemtical or analog form, selected aspects of

intw.-a rapted hIn POXfornancM. Several of theAse include theA Optimal

cntrol mdel (OCm) that has been developed to describe the manual otrol

of piloted vehicles, the SAINT simulation language that is designed to

re.reint human task perfo noe in a simulator, and the HUman Operator

Siulator (HOS) that permits the intgration of elementary models into

larger task-related descriptors of human performuae.

However, the state of model develcpwmt for large-scale multiperson

staiw remmins crude. For many human activities, behavior is understood

at a level utich admits only simple taxooies or verbal-analytic models.

4!
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At the cpesite ad of the spectrum, if a task is sufficiently defined, it

is alays possible to build a ompzter ;rvgr which will prodxc the same

autp* as a specific task ecution suence performed by a particular

individual. Such a program is only of intast, however, if it can be

extrapolated to predict individual perfdrmanc when system variables are

&Arged. Such generalization has been achieved only in limited task

OM*Axt&. In tam of the rarqe of behavior and task situations whidh can

be dcribed with useful guurality, there is a continuiig requirement to

narrwn the gap betwen verbal analytic represen Atine and predictive

models. In addition to the need for genration of such models, there are

also todological issues to consider. For example, what is the proper

modeling fra rk? What methods and procedures should be used for

validation? *at are the acceptable degrees of freedom for the

parameters of such a model?

71e working group has reviewed current studies on macro models and has

identified research needed for the description and prediction of human

performance. Its report, which will reca--rd research studies to enhance

the ability to represent integrative human performane analytically as a

guide to system design, is scheduled for publication in 1987.

Miticolored Dia~la=

Over the past decade, with the growing sodistication of microelectronic

processing and digital ccuputatin technology, there has been a concurrent

increase in the use of color displays. Multicolored displays are used

increasingly in a variety of civilian and military systems including



aircaft, ships, and comrd, cntrol and camunicatic centers. These

d' ~ay5have a ne of advantages relative to modirce or black and

white displays. Color provides an aditial dimenion for coding,

sPatially cotuued grAjhical or tAxt infarmti can be gcp=ed or

u, rarm of qantitative values can be differentiated easily,

and citical featres can be highlighted. Furthe mr, the addition of

color to otherwise aratic displays provide intrest, aesthtic

apeal, and som meaure of percived realism. Te additio of color also

apears to provide the user with greater senitivity to the subtleties of

display oxmit*.

IWVWr, U.iLtiColOr displays are rot irhrenly necessary or useful for

all aplicatisr. It is argued that color has been idiscriminately added

for the sake of technlogy and riot for the benef it of the user. The

inappropriate adition of color to otherwise achrmatic or monohromatic

displays may degrade the utility of the display, leading to reduced user

performance. There are other problems associated with these displays which

can offset their advantages. Relative to mxndcrue or black and white

display, a muticolored display is more expensive, maintenance reuirements

are greater, there is acm sacrifice of display resoluticn, and an

increased probability of certain kinds of human errors.

At a tw-day workshop, the current uses of color in visual displays wre

categorized along three dimensions: display content, purpose of color in

the display, and display dynamics. Representative examples of display

designs relative to these categories were discussed, along with applicable

6 I
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qoticm relating to color selection, design of color syst ms, and visual

1zlicticm of display design. In adition, representative research

inIsM and firuirg that are central to the selection and use of color in

various type of displays were addressed. A report containing research

recMIndatixN Pertinent to the general and specific uses of multicolored

displays is in premzration and is sdieduled for publication in 1987.

An integrated erg=mic model has 0MI~iderable appeal as a universal tool

for the solution of ezanmic design problems. There is a need to assess

the current status of human body models and their associated databases, to

identify their comonalities and individual as well as general

limitations, and to explore if and how these models can be merged and

enhanced to serve as convenient tools for the researcher and designer.

MIS systM to be modeled is the human body. For purposes of ergcznic

applicaticn it is viewed as a bounded, physical struture with definable

geokmetry and capable of complex kinematic artiaulated motion,

influenced by Joint straints, muscle forces, body inertial properties,

external forces and involuntary and cognitive control mwhanisms. To

prerly acoc for these capabilities, the model mist possess certain

intrinsic properties. Amon these are that it must describe body response

in a three dimensional space, the equations for body motion must be

dynamic, the model must be omstnectd of c1mected segments, each with a

locally defined and embedded coordinate system, and it must represent

the application of specified forces between segments and between segments

and external configurations.

7
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Current thods p heavily an scalar meaMre and two dimeinal

layouts and mdAls, Ufor=unately, the transition to thre dimmenio

rerirleewrn than a siuple extenion of thes. present methods. To

properly addres motion in three dinsinns, spatial kinematics must be

adopted for analysis. Wle doing so inceases the coupleity of the

analysis, this method of analysis has tw significant advantagl. Joint

motian o oraints can be introduced as a function of adjacent segment

orientatin, and ments can have anatomical or gemetrical structure for

foroe application and muscle attachment.

mo st general equation that can be written for gross body notion are

those for describing rigid body dynamics for multiple coupled bodies. The

transition to a three dimensiolly structured modo' %zld allow the

.eriposition of three dimensional surface shapes and would lead to more

precise analysis of body and surruznding configuration interaction and the

graphical display of the body.

iMile thee model erhavnmezts will not produce the ultimate totally

it egrated moftl, thy rpresent s t progress toards integatig

a nuber of mthodologies currently in use. 7he point to point and

ci -mfe-n its traditionally made by anthrtrists are

consistent with this method, two dimesicial analyse. fall cut by plane

projection, static force calculations are part of the dynamic equaticns if

motion is not indued, and link lengths are e in the segment

Joint-center-to-Joint-cne distances.

8
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A uminar Ws mw d to asses the feasibility of developing human

.rgmaic model or uxbles that can be used to integrate biind anical,

anthropcutric, ard kian-equipm interactioni data into a basic dynamic

model of humn dAracteristics and motor capabilities. current models

wereviewed as b, inrks and resea rc ziedaticzs for the

dulopmet of an interated ergonomic Id el have been prepar in a

rqioxt sduuled for publication in 1987.

A central wodrin principle in cognitive psychology is that decisions and

actics of a user of a software intensive system depend on that user's

mental model of the system. The mental me includes not only the

functional dtaracteristics of the system, but its current state, dynamic

properties, and reliability.

Describin a mental model is couplex by virtue of the fact that

significantly different mntal models may be generated by the several

individuals intaractiM with the sam softwar. TMefore, it is

nroessary to diirih, for exanple, the designer's model (the

dwige' s conoep mi( of his/her own software) fran the analyst's modnl

(the ur rutadiM the analyst develops of what the user knows about the

softrmre). 'I1r is also a prescriptive serne of the designer's model,

that is, the Model which the user should ac*uire and refer to in using the

designer' softwar.

9
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Nental modJ will also vary aoordirx to the shisticaticn of the user.

For amale, an advan:ied programer's mental model of given software is

likely to be quite different from that of the user with no ra ri

-ie . ltiple mental model my also co-exist within the same

individual. A perso who both designs and later uses a system my develop

cupartemntalized unestandins of the system. Aalous distincticis

arise if different task env nts are ccruidered. The mental model

elicited for roztinm skilled behavior my differ substantively fr that

gererated when an individual is asked to explain why particular causes

give rise to particular effects in a software system.

The .ecription of mental models is potentially far more couplicated than

them simple examples suggest. What is crucial is not to eramrate every

possible model, but to recognize the specific focus and inherent

limitations of any particular desription of mental models. At present,

there is no satisfactory method for describing mental models or

characterizing the differences in mortal models at varying levels of user

expertise or amn a population of users.

7t* dvelopment of menital model theory is a major thrust in software human

factors research, and, as suh, is a driving force in software design.

The basis for this impact needs to be analyzed for better focus of further

develcpwnts in the study of mental models. Consequently the counittee

conducted a two-day workshcp to determine means for achieving a better

understanding of mental models and their implication for systeM and

10



.ofbmre design. nf Arcpnt at the workshop assnessed current

cczupimi~tiauof menal nodlsI identified resarch approahe and

ra ulwant to dovelepizg d.oitc.Of Rental models, and suggested

aprupriate mtods for appying kvdled of mntal model in the systems

design and training prcems. 7e report of the p- alings of this

workwIc is in pr mration and is nd uled for publication in FY 1986.

Bdavicral decisio theory ham bon used to develop aids which can help

exrif- Ie decision makear select am alternatives by ztal processes

that analyze the salient features of a situation, consider the various

rae of itia and actions, evaluate the - of each

alteirnative, and select agi-rriate resposes. The ost promisin

agpromc s to be based on a mixture of presriptive and descriptive

research. The former asks how people should make decision, while the

latter asks how they actually do make them. In cobination, these two

reearch approahe attmpt to build frcm people's decision making

strengths, while cur ating for their weaknees. The underlying

premise is that significant decisions should seldom be entrusted entirely

either to unaided intultion or to autmated procedures. Findin the

cpitemn division of labor requires an integrated progr of theoretical

and epirical research.

Modern command-and-control systems represent a special case of a more

general krien n, in which the information and authority for decision

making are dt over several individuals or groups. Distributed

114



deciion adzq system c. be foud in such diverse setting as military

ntizatices, vlutaxy oraia Icw 3j1t nau corpoatiau,

dilpliNtiC =MW, gmennennt agenciee, and ouzples managing a houehold.

Viewin any distrbute dmcision =king systm in this broader otext

helps to clarify its special properties.

A genral task analysis of distributed decision ma kirq ss is

develpd by detailinq the Mm i that &a with each level

of czuplication as one gos from the simplest situation (an individual

intuitively pondering a static situation with cosplet. information) to the

ucat ouplec ,I (heenmoms, imiltipersonx system facing dynamic, unoertain

and hostile enviracums which threaten the comunication links and

personnel in their systm). MrWAn from the eaq~rince of different

systems and from research in areas such a behavioral decision theory,

psydiology, cognitive science, sociology, and organizaticnal develo it,

the analysis suggests both problem and possible solutions. It also

derives san general conclusions regarding the design and managmant of

suc system as wall as the asymptotic limits to their performanc and the

implications of those limits for an ozanization and overall strategy.

Man civilian, military, and space system consist of Orysically separated

CaMMMItS which are linked through telemmwication networks and act

semiautamosly but ooperatively toward g oals. To enharce

flexibility and --ds.erderce and to take best advantage of local

informtion there is an increasing trend to distribute decision making

authority amyr system cepoents. Of critical importance is

12 j
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"n sAI-Ingr the - I tal whi~t *ich mut be met to enable

inivi l within differwit o niza l to aka decisior

effectively and cxeratively with only patial haring or availability

of infcotion. Design of syxtesadimbe decision minpr tocls,

and infz=tion m~ort nu tz will all require knowlege abort humn

decision processes in distributed system.

A report, based in pat on positia ps p asummitted by worko

paricpatsand an the prcsi~sof the wcrkwp, is in progress. This

repor, whih will delineate monaticru for ,resarch

studies in distriited decisicn maing, is s:hcAdled for completion 1987.

q ert , tmo, a branch of artificial inteligeno, include a ere of

specialized koledge and a preecriptive or dcr=iptive method for

acqifrtq, utilizing, and intezpreting that knwoled. 7hwe is

considerable interest. in understanding the structure of expert systemw,

how to build thi, and what they tall us about the nature of expertise.

Pearch is needed to discoer methods for leaning what the expert's core

of knowledge is, %wt homriatics or rules govern the utilization of this

knowle to solve parti ular classes of problem-, and how best to covey

the knowldge to a rur-expert user of the system.

Te Research Briefing Panel on cognitive Scienc and Artificial

Intelligene of the National Academy of Scienos has cited expert system

13



rem as anm iqiatt tcpic. ia~tad. research tiopic involve eoq~loring

the rafmwe of intelligunce and its drvalomt fram primitive cognitive

functicm; uolvlxq coge prabluiu by developing ccpiter Wo~tan which

have intll a, pertual, and learnlz abilities; using cc'PZters

in-- ing pead of data proceinsi and exterded memory; and ombining an

w'n A of the wy humans learn and perform cognitive tasks with

intaligit Wy.tms. A method is needed to provide for iiesass

exztime inby knowlede and search procsses into a single

An important humn factors isse in the din of expert systems is how

to find out what the expert knws; that is, both the knowledge base itself

and the problm solving proces whic relate to that knowledge. what

rules do experts use to understard and retrieve apprriate subets of

thedx knowle base? Shuld they be asked to descibe what they kno and

the cognitive procese they use? Should they be observed and their

activities recorded in settings where they apply their knowledge? Are new

and quite different approads required to gain aocess to the expert's

knowledge and prblem solvir tedniques?

A secod critical human factors issue is how best to present the resident

infozutian to the user of an expert system. Because rnvices frequently

do not think in the same terms as an expert, attention must be given to

translation or explanations of the information. Furthermore, while in

sme cases a sinple anwer to a problem is sought from the system, other

situations may demand a tutorial. Determining how to pass expertise on to

the ne-expert is cntral to human factors research on expert systems.

14
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A tm-day m & on function allocation, knowlee acquisition,

rialad end interface aspects of ext systems. T

rsport of the eding of this war~mzW is in progress and is scedaled

for COMP1etin in 1987.

With the Kian age of the general populatin increasing, uerstarding

the ramficatinrs of the rmXXl aging process has assumed growing

iortance. In the course of aging, changes occur in the levels of

yiological and psychoogical functicning. Factional capabilities will

dete-mins to a large extent how wall older persons can perform in the

hCM, orkplace and cm ity. Although so work has ben doe to

6a0Irage alteration in these envirom ts to aooodate the aging

individual, adequate quantitative data are lacking to describe the effects

of functional changes on the activities of an aging population.

The ommittee has prepared a study plan that will identify and analyze

tasks typically ex~rmtered in transportation, hcme, workplace, leisure,

and safety/security activities. These task will be reviewed in the

onrtext of dwars in .emsorj/perceptua, orysical/paysiological, and

oognitive/psydhzmtor functioing that are an integral part of the aging

process. For exmzle, decrements in audition can limit cmmunication;

declining visual functioning can affect the ability to read, drive a

vehicle, or perform work related tasks. crtain systemic changes can

limit i-eet funwuoning due to decreases in strength, agility, and

w x. Difficulties in learning and retrieving information can have a

15
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rt W izact an -cck perfoain e In addition ionr rigid attitudes and

ruted motivation tArd dwaig my affect other funtional capabilities.

Applying mystsm and task analysis methodology to the jobs and activities

of the aging and comparing the capabilities of older person to task

dmands can help Provide an empirical rationale for research required to

maintain or enane the funwtial capabilities of the aging. With this

goal in mind, a sudy panel will coven in 1987 to identify and rmrd

basic hzn factors researh needed to effectively use the talent resident

in the agir ok force and to inprove the quality of life of older

peruru in the hI and in the mizaity. Cmpletin of the study and the

report is scheduled for early 1988.

r tvity in Informtign Work:

Thedema for qualified perscrel to wrk in the information field has

ircreased to the point where the rmzber of workers in this area aexeds

all other warkers in the United States. According to 1983 U.S. Department

of Labor statistics, about half of the information workers are in the

executive, mangrial, professia-al, and technical fields.

Software develpriet, one aspect of information work, involves many tasks

including requiremnts specification, design, coding, testing, defect

removal, maintenance, doomntation, and project managemnt and usually

involes tean of people. One of the few ojective measures of software

devel~cmaet is lines of code produced. Hover, this is a poor indicator

of effectiveness since it does not relate end user benefit to cost.
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Productivity is difficult to define and even yrru difficult to masure in

the IM ti .ciwxm and at the professional and managerial levels.

In infortion ofam enineri, for exauple, A-wh (Boehm, Barry,

Software E Diomxics, Prentice Hall, 1981) developed a

predictive mdel for person moths and elapsed time for software

develpnt starting with the initial analyses and design and ending with

final i--rpretation and test. He identified 15 key factors that affected

effort and tim and quantified each factor based on actual experience.

ibm, his model predicts the quantitative productivity of a software

progzamuurq team. Hadver, wept for Boehm, the extansive literature

available on Pro&ctivity is focused primarily on micro co rns with

little attentiai paid to more general issues.

A steering group has been assigned to determine the feasibility of

studyirM these issues, and if warranted, to plan and organize a workshop.

Issue for conaideraticn wuld include useful methods for measuring and

emnianin productivity, cognitive factors related to koxwleds acquisition

and transfer, softwmre reusability, and organization of software

dveklpmwnt tAsks.

tu .1
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Prior ruVorL Drmrd IM the Qgttee oiIn H a ~

(Thesme reports are .inmrized, in Appjnilx C)

Research Needs in Human Factors (1983)

Researdi Needs on the Interactions Between Informtion System and

Their Users (1984)

Rearch Issues in Simulator Sickness (1984)

Researdi and Modeling of Supervisory Ctrol Bhavior (1984)

Methods for Designing Software to Fit Human Needs and Cpa bilities (1985)

Human Factors Aspects of Simulation (1985)

Ro dations for Ctent Revision and Alternate Delivery Modes for

the Human Engineerirg Guide to Equipment (a letter report) (1985)

RHorts scheduled for Mblication in 1987:

(Thae studies are sumrized in the earlier text)

Humn Moor Idln

Mental Models in Human Computer Interaction: Research Issues About

Mat the User of Software Knows

Toward the Developmnt of Interated Ergonoic Models

Research Needs in Multicolored Displays

Theoretical Iss in Distributed Decision Making

mmn Factors in Eqart Systems
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APPENIDIX A

MDEM 1986-1987

210WA B. Smridn (Cr), Profssor of Enginering and Applied
Pwyr±ogy, DqnroI0 of A ne Eq r, Massachusetts Institute
of Tidenxogy

Nancy S. Andron, Professr, Dearmnt of Pwydhlogy, University of
Maryland

C1yde H. Cs (NRS), Professor, Departbut of Pwychology, University of
Michigan

Jer I. Elkind, Vice Prwidmit, SyS Deveoplzit DpartMnt, Xerox
Corporation, Palo Alto, CA

Barud Fischhoff, Professor, Department of Engineering and Public Policy
and Dqpartment of Social and Decision Science, Carnegie-Mellon University

Oscar Grusky, Professor, Departmnt of Sociology, University of
California, Los Angeles

Robert M. Guion, Professor, eartment of Psychology, Bowling Gr State
University

Douglas H. Harris, President, Anacapa Sciencs, Inc., Santa Barbara, CA

Julian E. Ho&trg (NAS), Chairman, Deparmnnt of Pwychology, Columbia
University

Thomas K. Landauer, District Research Manager, Information Sciences
Division, Ball Camunications Research, Morristown, NJ

Judith Reitmn Olson, Associate Professor, Graduate Sdool of Business
dinistration, University of Michigan

Richard W. Pw, Principal Scientist and Manager, Experimental Psychology
D rtmt, Computer and Information Sciences Division, B B N
laboratories, Inc., cmiride, MA

Stover H. Snook, Project Director, Ergonomics, Liberty Muatual ResearchCwrter, Hopkinton, MA

Christoper D. Wickens, Director, Aviation Research Laboratory, University
of Illinois

Robert C. Williges, Professor, Department of industrial Engineering and
0peraticu Research, Virginia Polytecmic Institute and State University

Stanley Deutsch, Study Director
Elizabeth F. Neilson, Staff Assistant =

Mrrt A. Qwx, Ainistrative Secretary
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APPENDIX B

ME OF WRC GROM /STERIPNG GRPS
P FfCInA IN ImDPSS 4IAIS

4MB OF MI!E WCRKING GF40UP

Shldcn Ber m (hair), Vice President, Informtion Sciences Division, BB
Laboratories, Inc. , Cmrip, M

Renwick E. Curry, Vice President, Search Technology, Palo Alto, CA

Charles P. Greeing, Research Scientist, Naval Weapons Center, China Lake

Earl B. Hunt, Professor, Department of Psychology, University of
Wahintc

Charles C. Jorgensen, Oak Ridge National Iaboratory, Enxinsering Physics
Division, Oakridgs, TN

Neville P. Moray, Professor, Dpartmnt of Industrial Egineering,
University of Taranto, Ontario

Richard W. Pow, Principal Scientist and Manager, Mqpeimental Psychology
Deparbiwnt, Computer and Informaticn Sciences Division, B B N
Laboratories, Inc., Cambridge, MA

William 1Rouse, President, Search Technology, Inc., Norcross GA

Robert J. Werry, Jr., President, Rcbert J. merry, Inc., Cialafctt, PA

ThIas B. Sheridan (ex officio), Professor, Department of Mechanical
Engnering, Massadtimetta Institute of Technology
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nOEhNA= ROMINWC CEIS
SDmnuR PARICIPANTS

arl H. Z. &O (:-Chair), Profess=:, DMrit of Irdustrial
r g. I ard Craticar Research, Virginia Polytecnic Institute and
State
University

Stayer H. soxok (C-Char), Project Director, Er onics, Liberty Mutual
Research wter, I4q1dnto, NA
M.M. Ayoub, H1n Professor of Industrial inei and ioengineering,

EE I nstitute, Tas Tech University

Alvah C. Bittrm, Principal Scientist, Analytics, I=c., Willow Grove, PA

Benjamin Qnuin, Chief, Special Projects, U.S. Army mn Engiring
Laboratory, Aberdeen Proving Grounds, 14D

Neville Hogan, Professor, -A of Mechanical Enee- ,
Massachusetts Institute of Technology

Ints Kaleps, Chief, Modeling and Analysis Branch, Wright-Patterson Air

Force Base, CH

Albert King, Director, Bioengineering Center, Wayne State University

James L. Lewis, Division Manager for Space Station, Manned Systems
Division, NASA Jd on Space Center, Houston, TX

William S. Marras, Assistant Professor, D- e of Industrial and
Sytm Engineering, Cthio State University

Biko W. Mcauley, Principal Eineering Scientist, Human Factors
& ineermr, Doulas Aircraft Co., Lan Beac, CA

Jodn T. YaConville, President, Anthropology Researh Project, Irc., Yellow

Springs, CH

Joe W. Mcaniel, Industrial Engineer, Wright-Patterson Air Force Base, OH

Albert B. Schrltz, Professor, Deparxmnt of Mechanical Engineerir,
University of Midl.qaln

Hward W. Stoudt, Professor, Deprtnmnt of Omcunity Health Science,
Michigan State University
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Nancy S. Ardersm (Chair), Profesw, Dmrtm.t of PSydhlogy, University
of 3bryland

Elizabeth Krlumi Bailey, Sotbmm Metrics, Inc., Falls Church, VA

Jdm N. Carroll, Czter Scimm Dqxrmnt, Watso Rear Cuiter, I3
Czporaticn, Yorktown Heights, NY

Richard J. Jagacindki, Professr, Drtsr it of Psycology, amen
Perfomnce nter, Chio State niversity

D&vid R. LioroVitz, C -Zt" Tecnology Associates, Inc., EnglwAood, C)

Marilyn M. Mantai, Professor, Graduate School of Busis Ainistration,
University of Michigan

Phyllis RFisner, I3 P search Center, San Jose, (

Judith Reitman Olson, Associate Profesor, Grauate School of Business
Adhinstration, University of Michigan

Janet Walker, Sybolics, Inc., Cbride, M

John A. Whiteside, Digital Equipment Cororaticn, Nashua,

RPbezt C. Williges, Professor, -e-artsn of Industrial Engineering and
Operations Research, Virginia Polytechnic Institute and State University

22



N3IWI~L~DISPLYS

WI'DPS PARI'ICIPANTS

Jo Aim Kirmuy (ar), C=ltant, Surly, HE

E~md AdluAM, Media Laboratory, Ma.- -ustt Inistibite of Technology

Pamt floytm, Professor, Deprtznt of Puydhology, University of
California, San Dig

Ellen Carter, Cw~zltant, Arlingtcri, VA

Rdset Carter, Office of the Chief of Naval operations, WaShiwgtCn, D.C.

F. Del Cotes, President, Dal Coates Associates, San Jose, CA

Janme Foley, Professor, Dearbmxat of Electrical Engineering arnd Campter
Science, Geoge Waahingmi University

Francins Frame, AT&T Ball Laboatories, Naerville, IL

Julian Hoch~beq (NAS), Chairman, Deartit of Psychology, Cluirbia
University

David Landgrebe, Professor, Departmint of Electrical Engineering, Purdue
University

David Neri, Submarine Meical Research Laboratory, U.S. Navy Submarine
Baa., Groton~, Cr

J.J. BRmnilacti, President, Retroe-Th , Inc., La Mesa, CA

Alan ftbertsrii, National Research O,.zrcil of Canada, Thotczwtry and
Raicutzy Secticon, Divisioni of Physics, Ottawa, 0-itario

Louids Silverstein, Sperry Qrporaticti, Hboenix, AZ

Harry Snyder, Prof essor, Devarbnent of Irdustrial Engineering and

Operatiawi Reearch, Virginia Polytechnic Institute and State University
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onP macwP~msDwUi Fiacthoff (-iair), Profaesor, Dqt of Engoof ,ineering and
PUblic Policy ad Vrint of Social a n Dc ision Scienie,
Canie-illo Univrity

scar Gruky ( o- fessor), Professor, Detzmn t of Sociology, University of
California, Los Anyelem

Clyde Cmbs, Profess= aeritus, emrbunt of Psychology, University of
Michigan

Ralph DisePy , Professor, r of Instrial Eginerin anrd
etm search, Virinia Polytechnic Intitute ard State University

Royn Lars, Professor, Department of Sociology, Carnegie-Melllon
University

larry Hirwt*n, Professor, Whartn Center for Aplied Researi,
University of Pusylvania

Gary Klein, President, Gary Klein Associates, Inc., Yellowj Springs, CH{

Fred 2=tmscr, Center for Naval Analysis, Alexardria, VA

Elizabeth Pate-cornell, Professor, parnt of irutrial nineering,
Stanford University

Kathleen Carley, Professor, Deprtmnt of Sociology, Carnegie-Mellon
University

Todd LaPorte, Professor, maP rtm x of Political Science, Institute for
Aoermwita Studies, University of California, Berkeley

Oliver Williamson, Professor, School of Management, Yale University
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Judith Plitan. Olson (Chair), Associate Professor, Graduate School of
Business Iitrio, University of Michigan

lawranoe P~pn, Medical Ccpiter Science Grup, M=1lsge System
Laboratory, Stanford University School of Medicirm

Baruch Fiudhhoff, Professor, Dpartimit of D~nei~and Public Policy
and Deartnt* of Social and Decision Science, Carnegie-*4allon University

Paul Johnson, Professor, School of Management, University of Minnesota

Jill Larkin, Professor, Deartuarit of Omlpzter Sciences, Crnegie-Mellon
University

7hocas Lardaiinr, District P~eardi Mianager, Informtion Sciences Division,
Ball Ocuunmicatica Pleearch, Morristowin, NJ

Clayton Lewis, Professor, Deartmxt of Ctupxter Science, University of
Oolorado

Lawrence Maloney, Professor, Department of Psych~ology, University of
Michigan

Doulas Medin, Professor, pazmtof Psychology, University of Illinois

Richard W. Pew, Principal Scientist and Manager, Mqerimental Psychology
Deparmy, Omqter and Infoziation sciences Division, Bolt Beranek &
Nviif Iaboatories, Inc.*, Mbb*ridge, MA

Brian Falser, Professor, Dea bt of Psychaology, Princeton University

nas Shridan (exc-officio), Professor, Departint of Mchanical
Dngirmsrin, Massdzet Institute of Technology

William Swartaozt, Information Science Institute, University of Southern
California.

Ptoert. Williges, Professor, IDpartnsnt of Industrial Enrrirq and
Oprationu Plseardi, Virginia Poly-tedmnic Institute and State University
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P4*L- 1. Guian (Oair), Profesor, OPartmlt of Puydhology, BowlIng
Grn state utiversity

Nancy S. Anmrsen, Professor, Departimnt of Pwychology, University of
Mazyland

Sara J. Czaja, Assistant Professor, eptaraint of Inxustrial Enineering,
Stat. University of Now York, Buffalo

nmms K. tandme, District Remearch Mawer, Informtion Sciuxea
Division, Bell Ommminication Research, Norristimm, k4

Stover H. Sok, Project Director, Ergomfics, Liberty Mtztual assearch
Center, H :inon,R,
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APNIX C

REMCM - 1984-1986

Rseazr Neee on the Ineraction Bsb Informtim Shct and M"eir

Users: BEr= of a Wrkek (1984):

7 use-cceputer interface may bom a limiting factor in the widespread

use of automated inforation system. The techological growth of

opter-based information systems has cutpaced our kowledge of the way

that users interact moot effectively with these systems. Rardless of

the efficiency of the internal mechaniin. of an information system, its

overall effectivenes depernds heavily on its cotaxtibility with a human

user. This study described (1) the unique characteristics of information

systems and predicted trends of future technological develop=,t that are

likely to affect their character; (2) the human cognitive characteristics

yoat importantly involved in user-informaticn system interaction and

identified significant behavioral and cognitive science isain; and (3)

provided ro.ratio for fwin ntl research --ol ncessary to

inpr the effectiveness of huan-information system interaction.

Te stLdy group noted that there is a paucity of theory-based research on

ur/informti syst interaction. The mmdrs r research

needed to provide a better understanding of how pecple acquire and use

cazzer-based information and the methods they use for searching,

filtering, and evaluating information.
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rM xo also recac rmarch needed to better understand the

ognd.tive effects of pCOP i, to so the rate of inforation

exhangs betwen peple and infozutiori systems, to develop user skills,

ard to assess the iuspct of techrlogy on jcbs and jcb skills.

Research Issue. in Sinlator Sickness: Prooeedirim of a r (1984):

Simulators are used extAsively for training and are galniz favor for

teir ontribitions to equipment and system design and evaluation.

Howwmer, their usefulness is camprcmised when disabling sickness related

to their design and oeration reduce their effectiveness. There is

uncertainty about the etiology of simulator sickness althoh sensory

Conflict appears to be the major offender.

MAe report identified design and cperaticmal features of simulators that

may lead to occupant malaise and reccmumnded Procedures for avoiding or

amlioratirq these effects.

sterminati~n of cause. and processes is reoumeded as a critical topic

for reseamrh. Analyse. of tasks, head mvement, visual display and

muti i-bae variables relative to the incidence of simulator sickness must

be immestigated. Research is needed to determine the oontribi.tin to

simulator sicknes of such factors as field-of-view size, force vectors,

the phase and gain relaticrnship of various sensory processes, and certain

oculamotor variables. In additin, to understand the sinlator sickness

, sore neds to be known about the underlying neurological

in~n~ies and about the role of adaptaticn.
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Evaluation of candidate ---- wm shculd also be a central part of

m-going research on sluilator sidms. z0M a Mposure rgimens,

certain hand-eye -- or ition game, and mdications used for motion

sicknms might be effective in the prevention or ontrol of simulator

sickness. In a.iticn, there seem a reascrmable hope that derading the

update rate of moving stimuli in the simulator display mi ht be sufficient

to suport training %bile eliminating simulator sickans. These, and

other potentialcotrirasures reqire further investigation.

Rsedrch aId Modelim of S2rvisorv Cotrol Bdiavior: RBwt of a

t (1984):

In many modern coplex system, the role of the humn operator has charge

f directing manual control to that of supevising the funionsc of

automatd equipmnt that, in turn, onxtrol a vehicle or pross throgh

its own sersors and effectors. The task of the human in these systems

lires so monitoring and decision reposibility and reduced direct

psyd -I r ontrol. Specific issues of research strategies to study

spervisory catrol behavior, azoad to modling this behavior, and

mews for rnl-r1d validatin of research and modelirq reults were

addressied in this sntudy.

ofl cnmclusion and research recxmerdations of this report draw on three

major thmls: characteristics and analysis of supervisory ocrtrol systems,

selection of modeling approaches and research methods, allocation of tasks

betmen the human and the automated equipwmnt, and improved ommications

bet-an researdh investigators and designers of these ystms.
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m research on e ontrol should ctenr on levels of ontrol,

goal -11 an . tdng, cycles of cotrol and feedback, and trust in the

system. It should midr the design flexible carator-syeutm

interfaces. Me operator mut have display and control M8aniSM to

acqu inreneces suc ary to make deciilcz and to exercise ontrol

at any level in the .sytm.

MNth os for ri_ninM Software to Fit Hmn Nees and Cabilities:

ProoesIM of the Norgh= on Softwe Huan Factor (1985):

Cotem are pervasive in civilian and military equipment system. The

compatibility of o-Imzter based devices with human users is predominantly

dp it upon the dhuracteristics of the software. Th report sugests

that research needs fall into three categories: raw theories, rum

representatins, and no data collection and analysis methods. The report

cotains a compilation of human factors approads useful for research,

expertiuntal design, and data collection methods on user performance,

which provides design information inportant to software and omputer

developers.

Rseearcd mthods oridered m-st likely to produce significant results

innlude rqp nwitatioru of the users' understanding of a system,

reprztaticzu of a dialog to convey the design to prog, MOre

waiaawive task analyse that include memory, perceptual and language

"cuideraticu as wall as timirq and error predictions, and hardware

advanes that allow the collection of logging and metering data for

tapping the current use of a system.

30I
%1

' ~ V * , ," . .. , . ,:: ',''I..._...,.. ''.o-. .:..'.. ,- ,, .. %, 'J ' \'- ' .' V. -'. v -'., - '''-- ' ""



Ba F -t .i'--a of Si ulat- u (1985):

eca of the importance and widepra application of sitalatin, and

the nxaer of ignifica behavioral an humn factor. isues in the

design and use of si,,lato,, behavioral isuae and prblm mwi to

manry siulators were identified. he report includes an overview of

si lation including a historical perspective.

A major issue in siulaticn is cocerned with the heavy relianc an

PhYsical fidelity as the principal determinant of a simulator's ability to

serve its intended purpose. At the sam tim, the importance of the

relationship between how a si ulator is used and its effectivenes is not

fully appreciated. As a -nqumi of this imbalan. of emphasis,

simulators are often not as oost-effective as they ould be. 7hu

=Ttributine that behavioral science and human factors engineering can

make to the design and use of simulators are relatively neglected.

Although simulator design and operaticn cmuld be improved by better use of

existing behavioral and human engineering principles, the potential

cmtriztirim of these fields is limited by the lack of adequate

performance marinit methods and well developed hman perfoa

models. ObJective and automated perfrmance measurement systems wuld

greatly facilitate the derivaticn of detailed quantitative performance

informaticn useful for design, training, and research purposes.
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This report ua three f'aatl icra for research:

lonj-rarqa, oive, and fonward-lockizq remearch plans &hmld be

developed to aes persistent and emerging simulation problems;

lr-razig stable funding should be provided to xurage the development

of ac ic bases for simulatic research; and reearch to develop roar

real-time human perf M a ment capability for simulation should be

given urgfnt attention.

Reosenations for the Cmten Revision and Alternt Delivery Modes of

MA SMan ldrnoriM Guide to EquiMpnnt Desig (Letter Rqeort 1985):

The an Eng inee~ring Guide to Equiptrnnt Deign MO) wes developed to

assist designers, enginAws, human factors specialists and others in the

understandin and application of human enineering principles. Since its

last revision in 1972, extensive raw, relevant data has been generated.

MAe wide array of users require access to data at differing levels of

detail. The study reviaeed the sce of the ctents of the Guide and the

best mws for accessing the data in light of current technology. The

present book formt canno~t easily imet the nees for each application,

a.ccmmodate different users' requiremnts for level of detail, nor be

modified ito include later data as it becomes available. The letter

report Pex-nws revising the Guide format so that it can be used in an

interactive compzter system which allows flexibility in terms of access

strategy and level of detail, suggests aditional areas of ontent

om wistent with advances in information tednology, and reoommwd the

initiation of modrn data delivery systems using interactive cmpiter

mthods.
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